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(54) On-demand audio entertainment device that allows wireless download content 



(57) Described is a device and method using an in- 
teractive process to improve the listening experience for 
a user of headphones or hearing aids. The system uses 
a sound source such as a PC or similar device. Pro- 
gramming of the headphone or hearing aid is accom- 
plished using a process delivered by the sound source. 
The user is prompted to listen to various signals thereby 
testing the frequency response of each ear and head- 
phone combination. Once the user testing is completed, 
individualized compensation coefficients are created to 



optimize the listening experience for the user. The co- 
efficients would be downloaded to and stored within the 
hearing aids. Downloading could accomplished by wire 
or by wireless means such as infrared, radio frequency, 
magnetic or electromagnetic coupling. In headphone 
units, the compensation factors could be stored either 
within the headphones or maintained at the sound 
source. In addition, headphone units could be operated 
with or without wires (using infrared, radio frequency, 
magnetic or electromagnetic coupling) for downloading 
or audio listening. 
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Description 
Technical field 

[0001] The invention generally relates to an audio 
headphone or hearing aid device and, more particularly, 
to a headphone or hearing aid device that allows for 
compensation of imperfections in the listener's hearing. 

Background art 

[0002] The most popular current means of personal 
on-demand audio entertainment is delivered by means 
of headphones connected to a source device by wires. 
The sound source may be portable as in the typical 
Walkman (registered trade name) device shown in Fig. 
1. Here the audio content is stored in magnetic, optical 
or solid state media (not shown) housed within the play- 
er 10. The signals from these media are converted to 
audio signals that are amplified prior to delivery by wires 
12 to transducers within headphones or earphones 14. 
Other sound sources may not be portable such as typ- 
ical home stereo systems. 

[0003] Hearing-impaired persons are fitted with hear- 
ing aids, sometimes in both ears. Transducers for both 
headphones and hearing aids are typically electrome- 
chanical devices that cannot be matched during manu- 
facturing within reasonable costs. The auditory respons- 
es of both left and right ears are not perfectly matched; 
however, current headphone devices assume that they 
are. With imperfections of both the transducers and the 
ears, the auditory perception of the position of the audio 
source may be shifted from the original location. If meas- 
urements are made of the ear responses and correc- 
tional hearing aids manufactured, proper correction may 
not be achieved due to imprecise matching of transduc- 
ers. 

[0004] Several methods have been devised for im- 
provement of hearing aid devices. U.S. Patent 
6,1 04,822 to Melanson et al. describes a hearing aid de- 
vice with multiple user selectable digital signal process- 
ing methods for improving hearing under different listen- 
ing environments. U.S. Patent 6,128,392 and European 
Patent 0 933 970 A2 to Leysieffer et al. describe a hear- 
ing aid device using finite impulse response filtering to 
achieve feedback compensation. Hanson (European 
Patent 0 634 084 B1 ) describes a hearing aid feedback 
compensation device where adaption rates vary de- 
pending upon signal conditions. U.S. Patent 5,500,902 
to Stockham, Jr. et al. describes a hearing aid device 
with a plurality of bandpass filters each with a corre- 
sponding automatic gain control. This allows volume 
compensation over different frequency ranges. U.S. 
Patent 6,072,885 also to Stockham, Jr. et al. expands 
the previous invention by providing separate low and 
high frequency output transducers. 
[0005] Improvements have also been made in the 
spatial perception experience for audio listeners. U.S. 



Patent 5,136,651 to Cooper et al. describes an audio 
system whereby compensation for head diffraction is 
accomplished. U.S. Patent 5,939,656 to Suda describes 
an audio system that compensates for the differences 

5 in frequency and sound image location between speak- 
ers and headphones. U.S. Patent 6,005,947 to Lim de- 
scribes an acoustic processing system that mimics the 
quality of an acoustically ideal listening room. U.S. Pat- 
ent 6,111,958 to Maher describes an audio processing 

10 system that improves the spatial imaging of signals. 
[0006] The wires often used in headphone systems 
can impede motion of the user and are prone to failure 
due to handling. Several methods have been devised to 
eliminate this problem. One such method is U.S. Patent 

15 5,247,293 to Nakagawa shown in Fig. 2 where the play- 
er 10 and headphones 14 are separated. The two units 
are coupled by radio frequency signals allowing trans- 
mission of the audio signal to a smaller, less cumber- 
some, remote unit 1 8. The headphones 14 still use wires 

20 12. The remote unit 18 allows control of the player 10 
functions such as volume, fast forward, etc. Vertical Ho- 
rizon markets a headphone unit (Korea patent pending 
number 99-24278) that allows downloading of 
32Mbytes of MP3 audio content from a computer paral- 

25 lei port. In this case, the storage and controls are all con- 
tained within the headphone unit. Downloading is ac- 
complished through a wired connection. Sennheiser 
markets a wireless listening system where a transmitter 
unit is connected to an audio source. This is coupled via 

30 a 900MHz radio frequency signal to a pair of head- 
phones. 

Summary of the invention 

35 [0007] A principal object of the present invention is to 
provide an audio headphone device having an interac- 
tive process whereby compensation for imperfections in 
the hearing of the user may be accomplished. 
[0008] A second object of the present invention is to 

40 provide an audio headphone device having an interac- 
tive process where compensation for imperfections in 
the hearing of the user may be accomplished and where 
correction information may be stored within the head- 
phone device. 

45 [0009] Another object of the present invention is to 
provide an audio headphone device having an interac- 
tive process where compensation for imperfections in 
the hearing of the user may be accomplished and where 
correction information may be stored within the sound 

so source. 

[0010] Another object of the present invention is to 
provide an audio headphone device having an interac- 
tive process where compensation for imperfections in 
the hearing of the user may be accomplished and where 
55 correction information may be stored within a personal 
computer. 

[0011] Another object of the present invention is to 
provide an audio headphone device having an interac- 
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tive process provided by a personal computer or other 
sound source whereby compensation for imperfections 
in the hearing of the user may be accomplished. 
[0012] A still further object of the present invention is 
to provide an audio headphone device having an inter- 
active process whereby compensation for imperfections 
in the hearing of the user may be accomplished where 
connection to the sound source is achieved using wire- 
less means such as infrared, radio frequency or electro- 
magnetic means. 

[0013] A still further object of the present invention is 
to provide a hearing aid device having an interactive 
process whereby compensation for imperfections in the 
hearing of the user may be accomplished. 
[0014] A yet further object of the present invention is 
to provide a hearing aid device having an interactive 
process where compensation for imperfections in the 
hearing of the user may be accomplished and where 
correction information may be stored within the hearing 
aid device. 

[0015] Another object of the present invention is to 
provide a hearing aid device having an interactive proc- 
ess provided by a personal computer or other sound 
source whereby compensation for imperfections in the 
hearing of the user may be accomplished. 
[0016] Another object of the present invention is to 
provide a device having an interactive process provided 
by a personal computer or other sound source whereby 
compensation for imperfections in the transducers may 
be accomplished. 

[0017] These objects are achieved using a system 
with a headphone or hearing aid unit and a sound 
source. Programming of the headphone or hearing aid 
is accomplished using an interactive and iterative proc- 
ess delivered by a personal computer (PC) or similar 
device. The user is prompted to listen to various signals 
delivered by the PC thereby testing the frequency re- 
sponse of each ear and headphone combination. Once 
the testing is completed, individualized compensation 
factors are created to optimize the listening experience 
for the user. In the case of a hearing aid device, these 
compensation factors would be stored within the hear- 
ing aids and could be downloaded by wire or by wireless 
means such as infrared, radio frequency, magnetic or 
electromagnetic coupling. In headphone units, the com- 
pensation factors could be stored within the head- 
phones or at the sound source. In addition, headphone 
units may be operated by wireless means using infrared, 
radio frequency, magnetic coupling or other electromag- 
netic means for both testing and audio listening modes. 

Description of the drawings 

[0018] In the accompanying drawings forming a ma- 
terial part of this description, there is shown: 

Fig. 1 illustrating a prior art example of a wired per- 
sonal audio entertainment device; 



Fig. 2 illustrating a prior art example of a wireless 
personal audio entertainment device; and 

Fig. 3 illustrating a preferred embodiment of the 
5 present invention with headphones; 

Fig. 4 illustrating a preferred embodiment of the 
present invention with hearing aids. 

10 Description of the preferred embodiments 

[0019] The present invention allows for compensation 
of hearing anomalies for both headphone and hearing 
aid devices. The devices described may also be used 
15 to overcome deficiencies within the actual transducer 
used in the headphone or hearing aid. 
Refer now to Fig. 3, showing a system overview of one 
embodiment of the present invention used in conjunc- 
tion with a headphone system. A personal computer or 
20 other sound source 20 is connected by wire to a base 
unit 22. A preferably wireless headphone unit 14 con- 
tains a receiver, a converter for transforming digital in- 
formation into analog audio signals, amplification and 
transducers for converting the amplified audio signals 
25 into sound. Wireless transmission is accomplished us- 
ing infrared, radio frequency, magnetic coupling or other 
electromagnetic means. 

[0020] To operate the unit, the user 1 6 chooses a fre- 
quency and is prompted to adjust the balance at that 
30 frequency until the sound is perceived as centered be- 
tween the left and right channels. For example, if the left 
channel is perceived as weaker, balancing will result in 
boosting the left signal until it is perceived as equal in 
volume (centered) to the user. The process is repeated 
35 at multiple frequencies within the audio spectrum. A sim- 
ple version would use only bass, midrange and high au- 
dio frequencies, while more sophisticated versions 
could use many more frequencies. With the left and right 
signals balanced, the user may then be prompted to 
40 equalize the system to compensate for perceived differ- 
ences in amplitude between different frequencies. 
[0021] Upon completion of the balancing and equali- 
zation processes, the setting coefficients would prefer- 
ably be downloaded to the headphone unit 14. Alter- 
45 nately, the coefficients could be stored within the base 
transmitter or the signal source 20. The downloaded co- 
efficients are stored in volatile or non-volatile memory 
and are used in conjunction with signal processing cir- 
cuits such as filters to provide real-time equalization for 
50 each ear. Duplex communication between the head- 
phone and base unit is optional and may be used to pro- 
vide handshaking during download of audio content. In 
a one-way communication system, a light emitting diode 
on the headphone unit 14 may be used to indicate suc- 
55 cessful downloading of data. 

[0022] Refer now to Fig. 4, showing a system over- 
view of a second embodiment of the present invention 
used in conjunction with a hearing aid system. A per- 
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sonal computer or other sound source 20 is connected 
by wire to a base unit 22. A wireless connection is made 
to the hearing aid units 24 each containing a receiver, a 
converter for transforming digital information into analog 
audio signals, amplification and transducers for convert- 
ing the amplified audio signals into sound. Wireless 
transmission is accomplished using infrared, radio fre- 
quency, magnetic coupling or other electromagnetic 
means. 

[0023] Calibration is similar to the headphone unit. 
The user 16 chooses a frequency and is prompted to 
adjust the balance at that frequency until the sound is 
perceived as centered between the left and right chan- 
nels. The process is repeated at a plurality of frequen- 
cies within the audio spectrum. With the left and right 
signals balanced, the user may then be prompted to 
equalize the system to compensate for perceived differ- 
ences in amplitude between different frequencies. Upon 
completion of the balancing and equalization process- 
es, the setting coefficients are downloaded to the hear- 
ing aid units 24 and stored in volatile or non-volatile 
memory. The coefficients are used in conjunction with 
signal processing circuits such as filters to provide real- 
time equalization for each ear. The hearing aid units 24 
may be used in their normal mode to amplify sounds 
such as speech in proximity of the user 16. A second 
mode would allow public address content such as that 
from a theatre or church to be transmitted to the hearing 
aid units 24 by magnetic means. This signal would be 
detected by a detector within the hearing aid units 24. 
[0024] The present invention is a device and method 
using an interactive process to improve the listening ex- 
perience for a user of headphones or hearing aids. The 
system uses a sound source such as a PC or similar 
device. Programming of the headphone or hearing aid 
is accomplished using a process delivered by the sound 
source. The user is prompted to listen to various signals 
thereby testing the frequency response of each ear and 
headphone or hearing aid combination. Once the user 
testing is completed, individualized compensation coef- 
ficients are created to optimize the listening experience 
for the user. The coefficients are downloaded to and 
stored within the earpiece. Downloading for hearing aids 
may be accomplished by wire or by wireless means 
such as infrared, radio frequency, magnetic or electro- 
magnetic coupling. In headphone units, the compensa- 
tion factors could be either stored within the head- 
phones or maintained at the sound source. In addition, 
headphone units may be operated with or without wires 
(using infrared, radio frequency, magnetic or electro- 
magnetic coupling) for downloading or audio listening. 
Besides the benefits of improving the auditory percep- 
tual balance over frequency for the individual, this sys- 
tem allows for correction of slightly defective or less 
costly, inferior transducers. This could bring an econom- 
ic benefit to the headphone or hearing aid manufacturer. 
While the invention has been particularly shown and de- 
scribed with reference to the preferred embodiments 



thereof, it will be understood by those skilled in the art 
that various changes in form and details may be made 
without departing from the spirit and scope of the inven- 
tion. 



Claims 

1. An audio device comprising: 

10 

- a digital audio signal source comprising: 

a means for supplying audio information; 
a user interface; and 
« - an output device; and 

left and right earphones each comprising: 

- a means for downloading said audio infor- 
20 mation from said digital audio signal source 

to said earphone; 

a memory device for storing coefficient in- 
formation whereby said coefficient infor- 
mation is obtained from a user through said 

25 user interface in response to testing of the 

hearing characteristics of said user; 
a signal processor using said coefficient in- 
formation to correct the amplitude of differ- 
ent frequency spectra of analog signals for 

30 said user thereby resulting in corrected an- 

alog signals; 

- an amplifier to increase the amplitude of 
said corrected left and right side analog au- 
dio signals; and 

35 - a transducer for converting said corrected 

analog signals into sound waves. 

2. The device according to Claim 1 wherein said audio 
device is a headphone device or a hearing aid de- 

40 vice. 

3. A hearing aid device comprising: 

a digital audio signal source comprising: 

45 

a means for supplying audio information; 
a user interface; and 
an output device; and 

50 - left and right earphones each comprising: 

a means for downloading said audio infor- 
mation from said digital audio signal source 
to said earphone; 
55 a first input transducer to convert sound 

waves into analog audio signals; 
a second input transducer to convert elec- 
tromagnetic waves into analog audio sig- 
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nals; 

a memory device for storing coefficient in- 
formation whereby said coefficient infor- 
mation is obtained from a userthrough said 
user interface in response to testing of the 5 
hearing characteristics of said user; 
a signal processor using said coefficient in- 
formation to correct the amplitude of differ- 
ent frequency spectra of said analog audio 
signals generated from either said first in- 10 
put transducer or said second input trans- 
ducer for said user thereby resulting in cor- 
rected analog audio signals; 
an amplifier to increase the amplitude of 
said corrected electrical signals; and is 

- an output transducer for converting said 
corrected electrical signals into sound 
waves. 

The device according to Claim 3 wherein said elec- 20 
tromagnetic waves applied to said second input 
transducer are generated by said digital audio 
source or are generated by an external source. 

A headphone device comprising: 25 

- a digital audio signal source comprising: 

a means for supplying audio information; 

a user interface; and 3° 

an output device; 

a memory device for storing coefficient informa- 
tion whereby said coefficient information is ob- 
tained from a user through said user interface 35 
in response to testing of the hearing character- 
istics of said user; and 

left and right earphones each comprising: 

40 

- a means for downloading said audio infor- 
mation from said digital audio signal source 
to said earphone; 

a signal processor using said coefficient in- 
formation to correct the amplitude of differ- 45 
ent frequency spectra of analog signals for 
said user thereby resulting in corrected an- 
alog signals; 

an amplifier to increase the amplitude of 
said corrected left and right side analog au- so 
dio signals; and 

a transducer for converting respectively 
said corrected analog signals into sound 
waves. 

55 

The device according to Claim 1 or 3 or 5 wherein 
said means for downloading said audio information 
from said digital audio signal source to said ear- 



phone comprises either wires, or infrared transmis- 
sion, or or radio frequency transmission, or electro- 
magnetic transmission or magnetic transmission. 

7. The device according to Claim 1 or 3 or 5 wherein 
said testing of said hearing characteristics of said 
user is performed at a plurality of audiofrequencies. 

8. The device according to Claim 7 wherein said left 
and right earphones are balanced and corrected 
such that at each of said plurality of audio frequen- 
cies said user perceives substantially equal loud- 
ness between said left and right side analog signals. 

9. The device according to Claim 7 wherein said left 
and right earphones are equalized and corrected 
such that at each of said plurality of audio frequen- 
cies said user perceives substantially equal loud- 
ness between each of said plurality of audio fre- 
quencies. 

10. The device according to Claim 5 wherein said mem- 
ory device is contained within said digital audio sig- 
nal source or within said earphones. 
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Fig. 4 



